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ILl-P: A NEW TARGET FOR MYELOMA THERAPY 




BACKGROUND OF THE INVENTION 



The present invention relates generally to the observation of a correlation between the 
production of bioactive lL-1 P by bone marrow^ cells and the clinical features of multiple 
myeloma. 

Despite aggressive treatment approaches, multiple myeloma (MM) is a universally 
fatal B cell malignancy, accounting for 1-2% of all cancer deaths. See Silverberg et al. (1996) 
Ca. J. Clin. 46:5-27. MM is recognized clinically by the proliferation of malignant plasma 
cells in the bone marrow, the detection of a monoclonal protein (M protein) in the serum or 
urine, anemia, hypercalcemia, renal insufficiency and lytic bone lesions. See Kyle and Lust 
(1989) Seminars in Hematology 26: 176-200. Several multiple myeloma-related 
plasmaproliferative disorders, such as monoclonal gammopathy of undetermined significance 
(MGUS) and smoldering multiple myeloma (SMM), are characterized by the detection of M 
protein in the serum or urine without the other clinical features of MM. MGUS, a clinically 
benign precursor condition of MM is more common than MM, occurring in 1% of the 
population over age 50 and 3% of those over age 70. Greipp and Lust (1995) Stem Cells 
13:10-21. It is of great clinical importance to distinguish patients with MGUS from those 
with MM, as MGUS patients may be safely observed without resort to chemotherapy. The 
unnecessary treatment of MGUS patients can lead to acute leukemia or morbidity/mortality 
from chemotherapy. However, during long-term follow-up of 241 patients with MGUS, 59 
patients (24.5%) went on to develop MM or a related disorder. See Kyle (1993) Mayo Clinic 
Proceedings 68:28. Thus, the prevention of myeloma from MGUS would have a significant 
impact on the morbidity and mortality of myeloma. 

Chemotherapy and peripheral blood stem cell transplant are the treatments for 
symptomatic patients with active MM. Patients who are candidates for peripheral blood stem 
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cell harvest typically receive four cycles of VAD (vincristine, doxorubicin [Adriamycin] and 
dexamethasone) chemotherapy followed by peripheral blood cell harvest. Subsequently, 
myeloma patients either continue on standard chemotherapy such as VBMCP (vincristine, 
carmustine [BCNU], melphalan, cyclophosphamide and prednisone) or proceed directly to 
5 transplant. See Attal et al. (1996) N. EngL J. Med. 335:91 and Alexanian and Dimopoulos 
(1994) N. Engl. J. Med. 330:484, Patients who are not candidates for transplantation receive 
standard chemotherapy consisting of either VBMCP or melphalan in combination with 
prednisone. See Oken et al. (1997) Cancer 79: 1561. Recently, thalidomide has been shown 
to have activity in patients with recurrent myeloma. See Singhal et al. (2000) N. Engl. J. 
10 Med. 2000; 342(5):364 and Singhal et al (1999) N. Engl. J. Med . 341:1565. Chemotherapy 
is usually continued until the patient has reached a plateau state, which is defined as a stable 
M protein in the serum and urine and no evidence of progression of myeloma. In most 
patients, chemotherapy plus analgesics can control the bone pain characteristic of the disease. 
:^ The duration of survival of patients with MM ranges from a few months to many years with 

15 the median survival of 2.5 -3 years. See Oken et al., supra. Even with transplantation, 
except for a rare patient, all patients eventually relapse and succumb to their disease. See 
Attal et al. supra. 

Newer therapeutic strategies for MM are clearly needed. The prevention or delay of 
;K the progression to MM from related plasmaproliferative disorders, such as MGUS and SMM, 

20 with an effective chemo therapeutic agent would have a major impact on the treatment of 
patients with plasmaproliferative disorders. 

SUMMARY OF THE INVENTION 

The invention is based on the discovery that bioactive IL-1 p, while undetectable in 
normal plasma cells, is abnormally expressed in the plasma cells of virtually all myeloma 
25 patients and approximately 25% of patients with related plasma proliferative disorders, such 
as MGUS or SMM. The invention includes diagnostic methods for the detection of MM and 
the identification of high-risk MGUS and SMM patients likely to progress to active MM. 
The diagnosis is based on the determination of concentrations of bioactive IL-ip produced 
by the bone marrow plasma cells of these patients. The invention also includes therapeutic 
30 methods for the treatment of myeloma and for the chemoprevention of the progression from 
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multiple myeloma-related plasmaproliferative disorders, such as MGUS or SMM, to active 
MM, involving the administration of inhibitors of IL-1 p. 

In general, the invention features a method of quantitating IL-1 p in a bone marrow 
preparation including culturing stromal cells with the bone marrow preparation, 
5 determining the amount of IL-6 produced by the stromal cell culture and correlating the 
amount of IL-6 produced to the IL-1 p concentration in the bone marrow preparation by 
comparison to a standard curve prepared by measuring IL-6 produced by stromal cells 
contacted with known concentrations of IL-1 p. The bone marrow preparation can include, 
but is not limited to, a fresh supernatant from cultured bone marrow cells, a previously frozen 
10 supernatant from cultured bone marrow cells and a mononuclear cell preparation purified 

from bone marrow. The bone marrow preparation can be from, but is not limited to, a patient 
suffering from a MM or a multiple myeloma-related plasmaproliferative disorder. 

In another embodiment, the invention features a method of detecting MM in an 
individual including culturing stromal cells with a bone marrow preparation from the 
15 individual, determining the amount of IL-6 produced by the stromal cell culture, wherein an 
elevated level of IL-6 is indicative of MM. The invention also features a method of 
identifying a patient with a multiple myeloma-related plasmaproliferative disorder likely to 
progress to active MM including the steps of culturing stromal cells with a bone marrow 
J preparation from the patient, determining the amount of IL-6 produced by the stromal cell 

20 culture, wherein an elevated level of IL-6 is indicative of a likelihood the patient will 

progress to active MM, The multiple myeloma-related plasmaproliferative disorder can be, 
but is not limited to, MGUS or SMM. An elevated level of IL-6 can be, but is not limited to, 
a concentration of IL-6 greater than that produced by stromal cells incubated with 1 pg/ml of 
recombinant IL-1 p. The bone marrow preparation can be, but is not limited to, a fresh 
25 supernatant from cultured bone marrow cells, a previously frozen supernatant from cultured 
bone marrow cells and a mononuclear cell preparation purified from bone marrow. An 
inhibitor of IL-1 P can be added to the step of culturing the stromal cell culture with the bone 
marrow preparation. This inhibitor of IL-1 P can be, but is not limited to, an anti-ILp 
antibody, a soluble IL-1 receptor (sIL-lR) type I, a sIL-lR type II, an interleukin-1 receptor 
30 antagonist (IL-lra) and an IL-1 TRAP. 
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The invention also features a method of monitoring the effectiveness of the treatment 
of a patient with a MM or a multiple myeloma-related plasmaproliferative disorder including 
culturing stromal cells with a bone marrow preparation from the patient after the initiation of 
treatment, determining the amount of IL-6 produced by the stromal cell culture and 
5 comparing the amount of IL-6 with a knovra standard or a patient determined standard. 

In another embodiment, the invention features a method of identifying a patient with 
a multiple myeloma-related plasmaproliferative disorder likely to progress to active MM 
including culturing a bone marrow preparation from the patient with a T-cell line which 
produces IL-2 in response to IL-1 p, determining the amount of IL-2 produced by the T-cell 
10 line, wherein an elevated level of IL-2 is indicative of a likelihood the patient will progress to 
active MM. The multiple myeloma-related plasmaproliferative disorder can be, but is not 
limited to, MGUS or SMM. The T-cell line can be, but is not limited to, EL4.6. 1 , LBRM 33 



ijj and primary cultures of thymocytes. 

; f In another aspect, the invention features methods of treating patients by administering 

1 5 an inhibitor of IL- 1 p. This includes, but is not limited to, the treatment of patients with MM, 
MGUS, SMM and indolent multiple myeloma (IMM). It also includes administering an 
inhibitor IL-1 p to patients in amounts effective to inhibit the production of IL-6 by patient 
bone marrow stromal cells or to inhibit myeloma cell proliferation. In another embodiment, 
the invention features methods of inhibiting the progression from MGUS or SMM to active 



20 MM by administering an inhibitor of IL-1 p. The inhibitor of IL-1 p used in these treatment 
methods can include, but is not limited to, an anti-ILp antibody, a soluble receptor (sIL-lR) 
type I, a sIL-lR type II, an interleukin-1 receptor antagonist (IL-lra) or an IL-1 TRAP. 

In another aspect, the invention features kits including an inhibitor of bioactive IL-1 p, 
a negative control for the inhibitor of bioactive IL-1 p and a positive control for bioactive IL- 

25 1 p. In these kits the inhibitor of bioactive IL-I P can be, but is not limited to, an anti-ILp 
antibody, a soluble IL-1 receptor (sIL-lR) type I, a sIL-IR type II, an interleukin-1 receptor 
antagonist (IL-lra) or an IL-1 TRAP. The positive control for bioactive IL-1 p can be, but is 
not limited to, recombinant IL-1 p. The kits can include bone marrow stromal cells. The kits 
can also include a label or package insert indicating that the positive control for bioactive IL- 

30 1 p can be used to prepare a standard curve of IL-6 produced by stromal cells contacted with 
known concentrations of bioactive IL-1 p. 
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Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which the invention 
belongs. Although methods and materials similar or equivalent to those described herein can 
be used in the practice and testing of the present invention, suitable methods and materials 
5 are described. All publications, patent applications, patents and other references mentioned 
herein are incorporated by reference in their entirety. In case of conflict, the present 
specification, including definitions, will control. In addition, the materials, methods, and 
examples are illustrative only and are not intended to be limiting. 

The details of one or more embodiments of the invention are set forth in the accompa- 
10 nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

S DESCRIPTION OF DRAWINGS 

jW FIG. 1 is a schematic depicting the role of IL-1 p expression in the progression of 

MGUS to MM. 

[^^ 15 FIG. 2 is a schematic representation of the bioassay for IL-1 P induced IL-6 

production. 

FIG. 3 shows levels of IL-1 p induced IL-6 production in MGUS, SMM and MM 
patients. An anti-IL-1 P antibody is used as an inhibitor of IL-1 P bioactivity. 

FIG. 4 shows levels of IL-1 P induced IL-6 production in MGUS and MM patients, 
20 Both an anti-IL-1 p antibody and IL-1 TRAP are used as inhibitors of IL-1 p bioactivity. 

FIG. 5 A and 5B show levels of IL-1 P induced IL-6 production in MGUS, SMM and 
MM patients. Both an anti-IL-1 p antibody and IL-1 TRAP are used as inhibitors of IL-1 p 
bioactivity. VEGFTRAP is used as a negative control. 

FIG. 6 shows the levels of IL-6 produced by stromal cells co-cultured with normal, 
25 MGUS, SMM and MM patient supematants. 

DETAILED DESCRIPTION 

The current invention is based on the observation that the biological effects of IL-1 p 
closely parallel the clinical features of human myeloma. Interleukin-6 (IL-6) has been shown 
to be the central growth factor for myeloma cells and is produced by bone marrow stromal 
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cells. See Kawano et al., (1988) Nature 332:83; Schwab et al. (1991) Blood 77:587; Klein et 
al. (1989) Blood 73:517; and Portier et al. (1991) Eur. J. Immunol . 21:1759. Although many 
cytokines can stimulate IL-6 production, IL-lp appears to be the major cytokine responsible 
for the paracrine production of IL-6 by marrow stromal cells in myeloma. See Carter et al. 
5 (1990) Br. J. Haematol . 74:424. IL-ip is expressed by the plasma cells of virtually all 
myeloma patients; however, it is not produced by normal plasma cells. See Lust and 
Donovan (1999) Hematologv-Oncology Clinics of North America 13:1117; Donovan et al. 
(1998) Leukemia 12:593; and Lacy et al. (1999) Blood 93:300. 

The current invention is based on the observation that aberrant IL-1 p produced by 
10 myeloma cells is able to induce IL-6 production by bone marrow stromal cells and the IL-6 
stimulates myeloma cells to grow. This paracrine model of IL-6 production suggests a 
\$ therapeutic approach for the treatment of myeloma: inhibition of IL-1 p induced IL-6 

fy. production with an IL-1 p inhibitor. Such treatment with an IL-1 inhibitor will reduce plasma 

cell growth and slow or reverse further progression of the disease. 
SI: 15 As shown in Table 1, specific criteria exist that serve as useful guidelines to allow 

ilj clinicians to differentiate between MM and other multiple myeloma-related plasma 

proliferative disorders. Multiple myeloma-related plasmaproliferative disorders are defined 
iy^ to include MGUS, smoldering MM (SMM) and indolent MM (IMM). Patients with MGUS, 

'fi a clinically benign condition, usually have less than 10% marrow plasma cells, a serum 

M^? 20 monoclonal protein <3 gm/dL, no urinary Bence Jones protein and no anemia, renal failure, 
lytic bone lesions, or hypercalcemia. In contrast, patients with active MM present with a 
marrow plasmacytosis of >10%, a serum monoclonal protein of >3 gm/dL, a 24-hour urine 
monoclonal protein of >1 gm, and lytic bone lesions. MM patients also often present with 
back pain, severe fatigue, pneumonia, or bone pain. Kyle and Lust (1989) Seminars in 
25 Hematology 26: 1 76. Patients with SMM are usually asymptomatic. They have a marrow 
plasmacytosis of >10% and/or a serum monoclonal protein of >3 gm/dL. Lytic bone lesions 
are absent and they have stable disease. See Kyle and Greipp (1980) N, Engl. J. Med. 
302:1347. Patients with IMM are similar to those with SMM, except bone lesions may be 
present on bone survey studies. In contrast to MM patients, who all receive chemotherapy, 
30 patients with MGUS, SMM and IMM have stable disease and are followed off 

chemotherapy. However, patients who have a serum monoclonal protein of >2.0 g/dL are at 
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high risk of eventually developing active MM, requiring chemotherapy. Such patients are 
candidates for novel therapeutic strategies to inhibit or prevent the development of active 
MM. 

TABLE 1 

5 



Characteristic 


MM 


SMM 


MGUS 


Marrow plasma cells 


> 10% 


> 10% 


< 10% 


Serum M-spike 


> 3 g/dL 


> 3 g/dL 


< 3 g/dL 


Bence Jones Protein 


> 1 g/24 h 


< 1 g/24 h 


< 1 g/24 h 


Anemia 


Usually Present 


May be Present 


Absent 


Hypercalcemia, Renal 
Insufficiency 


May be Present 


Absent 


Absent 


Lytic bone lesions 


Usually Present 


Absent 


Absent 



During long-term follow-up of 241 patients with MGUS, 59 patients (24,5%) went on 
to develop MM or a related disorder. See Kyle (1993) Mayo Clinic Proc. 68:26-36. Closer 
examination of the individuals that progressed to MM revealed that the majority of these 

10 patients remained stable for an extended period of time and then subsequently progressed to 
overt MM over a relatively short period of time. Of the 59 patients that progressed, 39 went 
on to develop MM. Of these 39 patients, 18 had serial serum studies performed. In these 
eighteen patients, the M-protein remained stable for a median of 8 years and then increased 
slowly over 1-4 years in 1 1 patients or rapidly in less than 1 year in seven patients. 

15 As summarized in Table 2, supematants of bone marrow cells from normal 

individuals stimulated the production of minimal amounts of IL-6 by marrow stromal cells. 
Supernatants from MGUS patients generated low, but detectable, amounts of IL-6, slightly 
above normal individuals. All myeloma patients studied produced IL-6 levels above normal 
individuals and some were 100-200 fold elevated. The SMM patients appeared to fall into 

20 two groups: those with high IL-6 values (4 patients) and those with low values (10 patients). 
Two of the four patients with high values of Il-l p induced IL-6 production have subsequently 
progressed to active myeloma within two years. Thus, up regulation of IL-lp production 
appears critical in the progression from MGUS or SMM to active MM. See Fig. 1 . 
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TABLE 2 



IL-6 Production From Stromal Cell Co-cultures 


Diagnosis 


Number 


Average IL-6 (pg/ml) 


IL-6 Range (pg/ml) 


Normal 


2 


114 


110-117 


MGUS 


5 


426 


114-1258 


SMM 


10 


1711 


154-3474 


SMM 


4 


23198 


6987-35000 


MM 


10 


10775 


610-27297 



m 

^ 5 The invention features an assay for bioactive IL-lp that allows for the quantitative 

^P: detection of functional, bioactive IL-lp in supematants of bone marrow cells taken from 

1# patients with plasmaproliferative disorders. As shown in Figures 3-6, studies on bone 

12 marrow cells from patients with MGUS, SMM and active MM indicate that this assay will be 
'•P useful as a biomarker in differentiating those patients with stable MGUS/SMM from those 

13 10 progressing to active MM. 

llJ; 

t IL-lp 

T\ Interleukin-1 (IL-1) is produced predominantly by peripheral blood monocytes during 

an inflammatory response and exists in two distinct forms, IL-1 a and IL-1 p. For a review, 
see Dinarello (1996) Blood 87:2095. IL-1 p is synthesized as a biologically inactive 

15 precursor, proIL-1 P, which lacks a conventional leader sequence and is not processed by a 
signal peptidase. See March (1985) Nature 315:641. proIL-ip is cleaved by an intracellular 
cysteine protease between Asp-1 16 and Ala-1 17 to produce the biologically active C- 
terminal fragment found in human serum and synovial fluid. See Sleath et al. (1992) J. Biol. 
Chem. 265:14526 and Howard et al. (1991) J. Immunol . 147:2964. Bioactive IL-lp includes, 

20 but is not limited to, the biologically active C-terminal fragment of IL-1 P after cleavage 
between Asp- 1 1 6 and Ala- 117. 
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ASSAYS FOR BIO ACTIVE IL-lp 

This invention provides methods of detecting patients with MM and for identifying 
patients likely to transform from multiple myeloma-related plasmaproliferative disorders, 
such as MGUS or SMM, to active MM. Also included are methods of monitoring the 
effectiveness of the treatment of a patient with MM or a multiple myeloma-related 
plasmaproliferative disorder comprising quantitating levels of bioactive IL-lp produced by 
patient bone marrow plasma cells at various time points in treatment. These time points 
include, but are not limited to, prior to the start of treatment and anytime point after treatment 
has commenced. Such methods involve the quantitation of bioactive IL-1 p produced by 
bone marrow plasma cells. Any art known assay for the quantitation of bioactive IL-ip is 
included within the scope of the invention. Such assays include, but are not limited to, 
osteoclast activation assays, T-cell assays and stromal cell assays. 

T-CELL BIOASSAY 

As outlined in Cytokines: A Practical Approach , ed. F.R. Blackwill, Oxford 
University Press (1991) pp. 3 11-12, bioassays for functional IL-1 can utilize the ability of IL- 
Ip to induce IL-2 production by T-cell lines, such as EL4.6.1 and LBRM 33, or by primary 
cultures of thymocytes (LAP assay). Alternatively, IL-1 can be assayed by measuring its 
ability to stimulate the proliferation of lines such as the subclone DIOS of the murine T-helper 
cell-line Dl 0.64.1. A subclone, NOB-1, of the murine thymoma cell-line EL4.6.1 provides a 
simple and sensitive bioassay for IL-1. This line produces IL-2 in response to IL-1, which is 
measured using the CTLL-2 assay. See Cytokines: A Practical Approach , ed. F.R. Blackwill, 
Oxford University Press (1991) pp. 31 1-312. 

STROMAL CELL BIOASSAY FOR IL-6 

The stromal cell bioassay for IL-lp quantitates the amount of IL-6 produced by 
stromal cells cultured with bone marrow preparations from patients with various 
plasmaproliferative disorders. The assay is diagramed in Fig. 2. The assay comprises 
culturing bone marrow stromal cells with patient bone marrow preparations and determining 
the amount of IL-6 produced by the stromal cells. The amount of IL-6 produced is then 
correlated to the concentration of IL-1 P in the bone marrow preparation by comparison to a 
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standard curve prepared by measuring IL-6 produced by stromal cells contacted with known 
concentrations of IL- 1 p. 

Normal bone marrow stromal cells can be obtained commercially, for example, from 
Clonetics, Walkersville, MD. Bone marrow preparations include, but are not limited to, fresh 
supernatants from patient bone marrow cells, previously frozen supematants from patient 
bone marrow cells and fresh mononuclear cell preparations of patient bone marrow cells. It 
can be technically difficult to have marrow stromal cells constantly available when patient 
bone marrow samples are drawn. Thus, it is often convenient to culture bone marrow cells, 
collect the supernatants and store the supernatants at -80°C until stromal cells are available. 
However, when stromal cell cultures are available, patient bone marrow cells can be plated 
directly onto stromal cells. Stromal cells are cultured with either IL-1 p standards or patient 
supernatants, with or without the addition of an anti-IL-1 P antibody or other IL-lp inhibitor. 
Recombinant IL-lp, obtained commercially, for example, from R&D Systems, Inc., 
Minneapolis, MN, at concentrations including, but not limited to, 0.1 pg/ml, 1.0 pg/ml, 10 
pg/ml, 100 pg/ml and 1000 pg/ml can be used to prepare a standard curve of IL-6 produced by 
stromal cells contacted with known concentrations of IL-lp. 

Stromal cell supernatants are analyzed for IL-6 concentrations using any art known 
assay for the quantitation of IL-6. One such assay is the human IL-6 ELISA kit from 
BioSource International, Inc., Camarillo, CA (Catalog Numbers KHC0061, KHC0062, 
KHC0063 or KHC0064). All such assays for the quantitation of IL-6 are performed 
according to the manufacturer's specifications. An elevated level of IL-6 can be, for example, 
a concentration of IL-6 greater than that produced by stromal cells incubated with a standard 
concentration of recombinant IL-1 p, such as, for example, 0.1 pg/ml, 1 pg/ml or 10 pg/ml 
recombinant IL-1 p. An elevated level of IL-6 can also be, for example, a concentration of IL- 
6 greater than that produced by stromal cells from normal, healthy individuals. Alternatively, 
an elevated level of IL-6 can also be determined by a patient specific standard; for example, 
an IL-6 concentration is elevated if it is greater than the IL-6 concentration produced by 
stromal cells obtained from the same patient at an earlier or later point in time. 
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THERAPEUTIC METHODS 

This invention provides methods for the treatment of patients with MM comprising 
the administration of inhibitors of IL-lp. The invention also provides methods of 
chemoprevention, i.e., preventing the transition from MGUS or SMM to MM comprising the 
5 administration of inhibitors of IL- 1 p . 

INHIBITORS OF IL-lp 

Inhibitors of bioactive IL-1 p include, but are not limited to, antibodies that bind to IL- 
1 p, antibodies that bind to the IL-1 receptor or to peptide fragments of the receptor, the IL-1 
receptor antagonist protein (IL-lra), soluble IL-1 receptor (sIL-lR), peptide fragments of the 
10 IL-1 receptor, and chimeric molecules such as IL-1 TRAP. 

ANTIBODIES TO IL-lp 

Antibodies having specific binding affinity for IL-1 p can be produced through 
standard methods. Alternatively, antibodies may be commercially available, for example, 
from R&D Systems, Inc., Minneapolis, MN. The terms "antibody" and "antibodies" include 
15 polyclonal antibodies, monoclonal antibodies, humanized or chimeric antibodies, single 
chain Fv antibody fragments, Fab fragments, and F(ab)2 fragments. Polyclonal antibodies 
are heterogeneous populations of antibody molecules that are specific for a particular 
;W antigen, which are contained in the sera of the immunized animals. Polyclonal antibodies are 

produced using well-known methods. 
20 Monoclonal antibodies, which are homogeneous populations of antibodies to a 

particular epitope contained within an antigen, can be prepared using standard hybridoma 
technology. In particular, monoclonal antibodies can be obtained by any technique that 
provides for the production of antibody molecules by continuous cell lines in culture such as 
described by Kohler, G. et al.. Nature, 1975, 256:495, the human B-cell hybridoma technique 
25 (Kosbor et al.. Immunology Today , 1983, 4:72; Cole et al., Proc. Natl. Acad. Sci. USA . 

1983, 80:2026), and the EBV-hybridoma technique (Cole et al., "Monoclonal Antibodies and 
Cancer Therapy", Alan R. Liss, Inc., 1983, pp. 77-96). Such antibodies can be of any 
immunoglobulin class including IgG, IgM, IgE, IgA, IgD, and any subclass thereof The 
hybridoma producing the monoclonal antibodies of the invention can be cultivated in vitro or 
30 in vivo. 

A chimeric antibody is a molecule in which different portions are derived from 
different animal species, such as those having a variable region derived from a murine 
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monoclonal antibody and a human immunoglobulin constant region. Chimeric antibodies 
can be produced through standard techniques. 

Antibody fragments that have specific binding affinity for IL-1 P can be generated 
by known techniques. For example, such fragments include, but are not limited to, F(ab')2 
fragments that can be produced by pepsin digestion of the antibody molecule, and Fab 
fragments that can be generated by reducing the disulfide bridges of F(ab')2 fragments. 
Alternatively, Fab expression libraries can be constructed. See, for example, Huse et al., 
1989, Science , 246: 1275. Single chain Fv antibody fragments are formed by linking the 
heavy and light chain fragments of the Fv region via an amino acid bridge (e.g., 15 to 18 
amino acids), resulting in a single chain polypeptide. Single chain Fv antibody fragments 
can be produced through standard techniques. See, for example, U.S. Patent No. 4,946,778. 

IL-lra 

The IL-1 receptor antagonist (IL-lra) (also called IRAP, for IL-1 receptor antagonist 
protein) is a third member of the IL-1 family. It acts as a natural antagonist of IL-1 a and IL- 
1 p by binding to the IL-1 receptor but not transducing an intracellular signal or a biological 
response. The gene encoding this antagonist of IL-1 has been described. See Hannum et al. 
(1990) Nature 343:336-340; Eisenberg et al. (1990) Nature 343:341-346; and Carter et al. 
(1990) Nature 344:633-638. IL-lra inhibits the biological activities of IL-1 both in vitro and 
in vivo, and has been shown to be effective in animal models of septic shock, rheumatoid 
arthritis, graft versus host disease, stroke, cardiac ischemia; it is currently in clinical trials for 
some of these indications. For a review, see Dinarello and Thompson (1991) Immunol. 
Today 12:404-410. In vivo administration of IL-lra is well tolerated. Normal animals, 
including humans, can be infused intravenously with high doses of this protein without any 
change in physiological or metabolic parameters. For example, human volunteers infused 
with 133 mg/h IL-lra for 72 hours exhibited no change in clinical or laboratory values. See 
Dinarello et al. (1993) J. Amer. Med. Assoc . 269:1829-1835. 

sIL-lR 

There are three known IL-1 receptor subunits. The active receptor complex consists 
of the type I receptor and ILlRAcP (for IL-1 receptor accessory protein). The type I receptor 
is responsible for binding of the three naturally occurring ligands (IL-1 a, IL-1 p and IL-lra) 
and is able to do so in the absence of the ILlRAcP. However, signal transduction requires 
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interaction of IL-la or IL-1 p with the ILlRAcP. IL-lra does not interact with the IL-lRAcP 
and hence cannot signal, A third receptor subunit, the type II receptor, binds IL-la or IL-lp, 
but cannot signal due to its lack of an intracellular domain. Rather it acts as a decoy either in 
its membrane form or as an antagonist in a cleaved secreted form, thus inhibiting IL-1 
activity. For a review, see Dinarello (1996) Blood 87:2095-2147. 

Also included as inhibitors of bioactive IL-lp are peptides corresponding to portions 
of the IL-1 receptor. These include, but are not limited to, synthetic peptides corresponding to 
residues 86-93 of the human type I IL-1 receptor, which bind IL-1 (a and p) and inhibit IL-1 
activity in vitro and in vivo. See Tanihara et al (1992) Biochem. Biophys. Res. Commun . 
188:912. 

IL-1 TRAP 

The IL-1 TRAP is as essentially described in U.S. Patent No. 5,844,099. Briefly, the 
IL-1 TRAP is a fusion protein comprising the human cytokine receptor extracellular domains 
and the Fc portion of human IgGl. The IL-1 TRAP incorporates into a single molecule the 
extracellular domains of both receptor components required for IL-1 signaling; the IL-1 Type 
1 receptor (IL-IRI) and the IL-1 receptor accessory protein (AcP). Since it contains both 
receptor components, the IL-1 TRAP binds IL-lp and IL-la with picomolar affinity, while the 
IL-IRI alone in the absence of AcP binds with --1 nM affinity. The IL-1 TRAP was created 
by fusing the sequences encoding the extracellular domains of the AcP, IL-IRI, and Fc inline 
without any intervening linker sequences. An expression construct encoding the fiision 
protein is transfected into Chinese hamster ovary (CHO) cells, and high producing lines are 
isolated that secrete the IL-1 TRAP into the medium. The IL-1 TRAP is a dimeric 
glycoprotein with a protein molecular weight of 201 kDa and including glycosylation has a 
total molecular weight of -252 kDa. The dimer is covalently linked by disulfide bonds in the 
Fc region. 

Rheumatoid arthritis is a chronic autoimmune disease in which the immune system 
attacks the tissue that lines and cushions the joints. Excess IL-1 p production mediates the 
cartilage and joint damage associated with rheumatoid arthritis. In preclinical trials, the IL-1 
TRAP was a potent blocker of IL-1 activity, has a long half-life in the blood, penetrates into 
the joints and blocks IL-1 -induced cartilage erosion in animal models. A placebo controlled, 
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double blind, dose-escalation Phase I trial is currently underway to assess the safety and 
tolerability of the IL-1 TRAP for the treatment of rheumatoid arthritis. See 
http://regeneron.com. 

PHARMACEUTICAL COMPOSITIONS 

Effective doses of an IL-1 p inhibitor useful for treating MM and multiple myeloma- 
related plasmaproliferative disorders may be determined using methods well known in the art. 
See for example Fingle et ai.. The Pharmaceutical Basis of Therapeutics , Goodman and 
Oilman, eds. MacMillan Publishing Co., New York, pp.1-46 (1975) or "Remington's 
Pharmaceutical Science." Pharmaceutical compositions for use according to the current 
invention include the IL-1 p inhibitor in a pharmaceutically acceptable liquid (including, but 
not limited to sterile water, phosphate buffered saline or dextrose solution), solid (e.g. wax) or 
semi-solid carrier (e.g. gelfoam), incorporated into liposomes, microcapsules or controlled 
release preparations (including inhibitor expressing cells). The administration route may be 
any mode of administration known in the art, including, but not limited to, intravenously, 
intrathecally, subcutaneously, by injection into involved tissue, intraarterially, intranasally, 
orally, or via an implanted device. Pharmaceutical compositions of this invention comprise 
any of the compounds of the present invention, and pharmaceutically acceptable salts thereof, 
with any pharmaceutically acceptable carrier, adjuvant or vehicle. 

A therapeutically effective amount is an amount capable of producing a medically 
desirable result in a treated mammal, e.g., a human patient. The dosage range required 
depends on the individual IL-lp inhibitor selected, the route of administration, the nature of 
the formulation, the nature of the subject's condition, and the judgment of the attending 
practitioner. Wide variations in the needed dosage are to be expected in view of the variety of 
compounds available and the differing efficiencies of various routes of administration. For 
example, oral administration would be expected to require higher dosages than administration 
by intravenous injection. Dosages will vary, but preferred dosage for administration is from 
approximately 0.01 to 1,000 mg/kg of body weight. For example, a preferred dosage can be, 
but is not limited to, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10, 25, 50, 100, 500, 750 or 1,000 mg/kg of 
body weight. Variations in these dosage levels can be adjusted using standard empirical 
routines for optimization, as is well understood in the art. Specific dosage and treatment 
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regimens for any particular patient will depend upon a variety of factors, including the activity 
of the specific compound employed, the age, body weight, general health status, sex, diet, 
time of administration, rate of excretion, drug combination, the severity and course of the 
disease, and the patient's disposition to the disease and the judgment of the treating physician. 
5 Typically, the pharmaceutical compositions of this invention will be administered 

from about 1 to 5 times per day or, alternatively, as a continuous infusion. Such 
administration can be used as a chronic or acute therapy. The amount of active ingredient 
that may be combined with the carrier materials to produce a single dosage form will vary 
depending upon the host treated and the particular mode of administration. A typical 
10 preparation will contain from about 5% to about 95% active compound (w/w). Preferably, 
such preparations contain from about 20% to about 80% active compound. 

The IL-1 p inhibitors of the present invention may be employed alone or in 
conjunction with other therapeutic agents. Such therapeutic agents may include, but are not 
limited to, additional IL-1 p inhibitors, chemotherapy agents and analgesics. Such agents may 
15 be administered prior to, sequential to or concurrent with the administration of the IL-1 p 
inhibitor to the patient. 

KITS AND ARTICLES OF MANUFACTURE 

In further embodiments, the present invention includes kits or articles of manufacture 
for conveniently and effectively carrying out the methods in accordance with the present 
20 invention. 

Inhibitors of IL-1 p can be packaged as kits or articles of manufacture that contain one 
or more unit dosage forms. Each kit or article of manufacture typically comprises at least one 
container with a label. This container may, for example, comprise glass or plastic bottles or 
vials or metal or plastic foil. Another example of such a kit is a "blister pack." Blister packs 

25 are well known in the packaging industry and are widely used for packaging pharmaceutical 
unit dosage forms. The package may also be accompanied by a label or packaging insert 
giving instructions for the intended use of the enclosed IL-1 p inhibitor, for example, 
indicating that the inhibitor may be administered for the treatment of plasmaproliferative 
disorders, such as MM, MGUS or SMM. These directions may indicate that the IL-1 p 

30 inhibitor may be used alone or in combination with other agents. The package may also 
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include these other agents. The package may also include materials desirable from a 
commercial or user standpoint, including buffers, filters, needles, syringes. 

The scope of the invention also includes kits containing materials necessary for the 
determination of the concentration of IL-1 P present in bone marrow preparations and other 
supernatants. These kits comprise a positive control for bioactive IL-1 p and an inhibitor of 
bioactive IL-1 p. The kits may further comprise a negative control for the inhibitor of 
bioactive IL-1 p. This negative control may be, but is not limited to, VEGF TRAP. 
The VEGF TRAP is a fusion protein comprising the receptor for vascular endothelial grov^h 
factor (VEFGF) and portions of human IgG, prepared as essentially described in U.S. Patent 
No. 5,844,099. See also, http://regeneron.com. The kits may further comprise bone marrow^ 
stromal cells. The positive control for bioactive IL-1 p may be, but is not limited to, 
recombinant IL-1 p. The inhibitor of bioactive IL-lp may be, but is not limited to, an anti-IL- 
1 p antibody, a soluble IL-1 receptor (sIL-lR) type I, a sIL-lR type II, an interleukin-1 
receptor antagonist (IL-lra) or IL-1 TRAP. The kit may include a label or packaging insert 
indicating that the positive control for bioactive IL-1 P may be used to prepare a standard 
curve of IL-6 produced by stromal cells contacted with knovm concentrations of bioactive IL- 
ip. 

EXAMPLES 

Example 1 - IL-6 produced by stromal cells cultured with patient bone marrow cells 
with the addition of an anti-IL-lB antibody as an inhibitor of bioactive IL-IB: Ficoll 
purified bone marrow cells from patients with various plasmaproliferative disorders were 
cultured at 2x 10^ cells/ml for 48 hours. Supernatants were frozen at -80^C until assayed on 
stromal cells. Normal stromal cells (Clontech, Walkersville, MD) were plated at 1x10^ 
cells/ml and incubated at 37^C for 48 hours. After 48 hours, the stromal cells were washed 
and incubated with patient supernatants, with or without a polyclonal neutralizing anti-IL-lp 
antibody. Cultures were incubated at 37^C for an additional 48 hours. Supernatants were 
harvested and frozen at -20^C until analysis of IL-6 production. Supernatants were analyzed 
for IL-6 using a human IL-6 ELISA kit (BioSource International, Inc., Camarillo, CA) 
according to the manufacturer's specifications. Results are shown in Fig. 3 
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Example 2 - IL-6 produced by stromal cells cultured with patient bone marrow cells 
with the addition of an IL-1 TRAP as an inhibitor of bioactive IL-IB : Ficoll purified 
bone marrow cells from patients with various plasmaproliferative disorders were cultured at 
2x 10^ cells/ml for 48 hours. Supernatants were frozen at -80^C until assayed on stromal 
5 cells. Normal stromal cells (Clontech, Walkersville, MD) were plated at 1x10^ cells/ml and 
incubated at 37^C for 48 hours. After 48 hours, the stromal cells were washed and incubated 
with either IL-ip standards or patient supernatants, with or without IL-1 TRAP as an inhibitor 
of bioactive IL-1 p. Cultures were incubated at 37^C for an additional 48 hours. 
Supernatants were harvested and frozen at -20^C until analysis of IL-6 production. 
10 Supernatants were analyzed for IL-6 using a human 11-6 ELISA kit (BioSource International, 
Inc., Camarillo, CA) according to the manufacturer's specifications. To prepare a standard 
^ J curve of IL-6 produced by known concentrations of IL-1 p, bone marrow stromal cells were 

0 incubated with media or recombinant IL-1 p in the following concentrations; 1000, 100, 10, 

l^l 1 .0 or 0. 1 pg/ml. Results are shown in Fig. 4 

h-, i' 

15 Example 3 - IL-6 produced by stromal cells cultured with patient bone marrow cells 
with the addition of an anti-IL-lB antibody, an IL-1 TRAP or a VEGF TRAP : IL-6 

ly* produced by stromal cells cultured with bone marrow cells from patients with various plasma 

'JS' proliferative diseases with the addition of an anti-IL-1 p polyclonal antibody, an IL-1 TRAP 

C3 or a VEGF TRAP are shown in Figures 5A and 5B. The assay was performed as outlined in 

20 Examples 1 and 2, above. Patient supernatants were assayed in a total volume of 0.5 ml as 
follows: 

0.5 ml patient supernatant +media alone 

0.5 ml patient supernatant +10 micrograms/well anti-IL-1 antibody 
0.5 ml patient supernatant +1 microgram/well IL-1 TRAP 
25 0.5 ml patient supernatant +1 microgram/well VEGF TRAP 

The supernatants were harvested and an IL-6 ELISA was performed. As shown in 
Fig. 5B, supernatants from normal patients or those with MGUS induce only small amounts 
of IL-6. In contrast, as shown in Fig. 5a and 5B, patients with MM induce IL-6 levels 
equivalent to 1-10 pg of IL-1 p. Some SMM patients may generate IL-6 levels similar to 
30 normal/MGUS patients while others may induce IL-6 levels similar to patients with MM. 
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SMM patients with high levels of IL-6 induction have been observed to progress to active 
MM in 1-2 yrs requiring chemotherapy. The IL-1 TRAP v^as superior to the anti-IL-1 p 
antibody at inhibiting IL-6 production by patient supematants especially in view of the fact 
that 10 fold more antibody was utilized. The IL-1 TRAP was very effective at inhibiting IL-6 
production in all patients with MM or SMM that had elevated IL-6 levels. For example, the 
first MM patient shown in Fig. 5 A produced 131,512 pg/ml of IL-6 that was inhibited to 
14,873 pg/ml by the addition of IL-1 TRAP, a reduction of 93% compared to the media 
control. The VEGF TRAP caused no reduction in IL-6 production and may have slightly 
stimulated IL-6 production in certain cases. The first SMM patient shown on Fig. 5A 
indicate an IL-6 level of 82,084 pg/ml, which was reduced to 1 5,672 pg/ml with the addition 
of an IL-1 TRAP (a 88% reduction). This individual is likely to progress to active MM based 
on the high IL-6 level generated by the patient supernatant. In vitro results demonstrating a 
significant reduction in IL-6 levels with the addition of the IL-1 TRAP indicate that this 
patient may benefit from therapy with a potent IL-1 inhibitor, such as the IL-1 TRAP. 

Example 4 - IL-6 produced by stromal cells cultured with bone marrow cells from a 
variety of patients : Figure 6 is a summary of the level of IL-6 produced by bone marrow 
cells from a collection of patients with MM, MGUS and SMM. The same assay system 
outlined in Examples 1 and 2 was used. Supernatants of bone marrow cells firom normal 
individuals stimulated the production of minimal amounts of IL-6 by marrow stromal cells. 
Therefore, purification of myeloma cells from patient marrows was not necessary. 
Supernatants from MGUS patients generated low but detectable amounts of IL-6 slightly 
above normal individuals. All MM patients studied produced IL-6 levels above normal 
individuals and some were 100-200 fold elevated. All patients with MM had bone lesions 
evident on X-ray. Interestingly, one MM patient with an IL-6 value of 25,962 had a labeling 
index of 1 .4% and a second MM patient with an IL-6 value of 27,297 had a labeling index of 
5%. The SMM patients appeared to fall into two groups: those with high values of IL-6 
production (4 patients) and those with low values of IL-6 production (10 patients). Two of 
the four patients with high values of IL-6 production have subsequently progressed to active 
myeloma within two years. These results indicate that IL-1 P induced IL-6 production is a 
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useful criteria for differentiating those patients that will progress from MGUS/SMM to active 
MM. 

OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction with 
the detailed description thereof, the foregoing description is intended to illustrate and not 
limit the scope of the invention, which is defined by the scope of the appended claims. Other 
aspects, advantages, and modifications are within the scope of the following claims. 
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